It has beeni recogniized for a lolng tiiiie that the rate of absorption of CO2 by a greein plant shoot or leaf enclosed in a vessel is affected by the rate at whieh air is supplied. Much attention has been given to the problem of miaintaining a "normal" air supply; that is, a CO2 supply comiiparable to that foundl under natural conditions. The early literature was reviewed and discussed by HEINICKE and HOFFMAN (5) (9) presented results from which they concluded that photosynthesis of corn leaves "was affected surprisingly little" by 70%o depletion of the CO2 within the leaf chambers. BROWN and ESCOMBE (1) presented results which they interpreted as inidicating an approximate proportionality between the rate of apparent photosynthesis and the mean CO2 concentration. They pointed out that "in all cases where the illumination of the leaf was good, although the amouint of intake of CO2 into the leaf was approximately proportional to the increased partial pressure, the photosynthetic work was always somewhat in excess of what might be expected from the increased amount of CO2. " They were obviously expecting strict proportionality and had overlooked some of the following facts. Proportionality implies a linear relationship. General linear relationship is described by the equation y = a + bx; but strict proportionality exists only when a = 0 and y = bx. Apparent photosynthesis becomes zero at a measurable CO2 concenitration (the compenisation point) therefore a #' 0, and strict proportionality cannot exist. 
It has beeni recogniized for a lolng tiiiie that the rate of absorption of CO2 by a greein plant shoot or leaf enclosed in a vessel is affected by the rate at whieh air is supplied. Much attention has been given to the problem of miaintaining a "normal" air supply; that is, a CO2 supply comiiparable to that foundl under natural conditions. The early literature was reviewed and discussed by HEINICKE and HOFFMAN (5) , who presented results showing that the rate of photosynthesis was below normal when the air supply was less than approximately two liters per hour per square centimeter of leaf area.
VERDUIN and LOOMIS (9) presented results from which they concluded that photosynthesis of corn leaves "was affected surprisingly little" by 70%o depletion of the CO2 within the leaf chambers. BROWN and ESCOMBE (1) presented results which they interpreted as inidicating an approximate proportionality between the rate of apparent photosynthesis and the mean CO2 concentration. They pointed out that "in all cases where the illumination of the leaf was good, although the amouint of intake of CO2 into the leaf was approximately proportional to the increased partial pressure, the photosynthetic work was always somewhat in excess of what might be expected from the increased amount of CO2. " They were obviously expecting strict proportionality and had overlooked some of the following facts. Proportionality implies a linear relationship. General linear relationship is described by the equation y = a + bx; but strict proportionality exists only when a = 0 and y = bx. Apparent photosynthesis becomes zero at a measurable CO2 concenitration (the compenisation point) therefore a #' 0, and strict proportionality cannot exist. curvilinear relationship between the rate of photosynthesis and the degree of depletion. When the data contained in their table 4 were plotted it was found, as before, that although the whole array suggested a non-linear curve, the data obviously could be separated into two groups. DECKER'S (3) conclusion concerning the non-linear effect of C02 depletion on the photosynthetic rate of pine was based on a misinterpretation of preliminary results.
PLANT PHYSIOLOGY
The experimentation reported here was undertakeli in an attempt to clarify partially the effect of air supply on the rate of photosynthesis of the entire shoot of a tree seedling enclosed in a chamber.
Methods The apparatus used in measuring photosynthesis was as originally described (3) except that CO2 analysis units of the type used by WAUGH (10) were substituted. A diagram of the apparatus is shown in figure 4 . The entire top of the plant was enclosed in a transparent cylindric chamber and was illuminated from above by a battery of electric lights. Air was drawn through the chamber at a known rate, and the difference between the amounts of CO2 entering and leaving the chamber was taken as a measure of apparent photosynthesis. A small radial-flow fan (2) circulated the air rapidly within the chamber. A simple test with smoke showed that the turbulence caused by the fan was very much greater than that caused by the flow of air from inlet to outlet. It is presumed, therefore, that the rate of air movement within the chamber and over the leaves was essentially constant at the different rates of air supply. Air temperature in the shoot chambers was maintained at 250 + 10 C.
The arrangement of the CO2 anialysis units for direct sampling was similar to that described by WILSON (12) . For simplicity only one of the units is shown in figure 4 . Another was connected to the blank sampling tube (8) and a third to the other shoot chamber (7). The three units were arranged in a suitable thermostatic water bath. The sample was metered (14) through the absorption tower (15) which was charged with 50 ml. of 0.0055 N NaOH solution. The change in concentration of the NaOH was measured by the change in electrical resistance of the solution. The operating routine was as follows. The tower was charged with fresh solution and was stirred for five minutes by passing the CO2-free air stream through it. The air stream was made CO2-free by passing it through soda-lime (17). The tower was then by-passed and the initial resistance reading was made. The tower was again switched into the air stream and the soda-lime tube was by-passed for exactly fifteen minutes. The C02-free stream was then allowed to pass through the system for an additional three minutes to sweep the remaining CO2 into the tower, the tower was by-passed, and the final resistance reading was made. to 10.0 1./min. The desired rate of supply was established 20-25 minutes before a measurement was begun. Preliminary tests made at the lowest rate of air supply showed no difference between measurements begun 20-25 minutes after a change in rate of supply and those begun 45-50 minutes after the change.
Ten potted loblolly pine (Pinus taeda L.) seedlings which had completed the initial growth of their second growing season were used. Throughout the season they had been exposed to normal light in a greenhouse. The experiment was arranged as a 5 x 5 Latin square in which columns represented hours of the day, rows represented pairs of plants and days, and the five rates of flow were distributed within the square. To allow separation of any differential effect of light intensity, one plant of each pair was exposed to a light intensity of 10,000 foot candles and the other to 2,200 fc. throughout the '3 o21 ,t' * HARDWOODS series of flows. The Latin square design was chosen because it would reduce the chance of having the decline of the CO2 content of air from out-of-doors through the day confounded with the effect of air supply. All plants were exposed to all rates of supply and thus the amount of tissue involved was a constant whose effect did not appear in differences between rates of supply.
The results of HEINICKE and HOFFMAN indicated that the rate of photosynthesis could probably be expected to vary hyperbolically with the rate of air supply and therefore linearly with the reciprocal of air supply. The rates of supply which were used (2.0, 2.5, 3.3, 5.0, 10.0 liters per minute) were chosen because the reciprocals were convenient values.
A second series was run using six dogwood (Cornus florida L.) seedlings and six tulip poplar (Liriodendron tulipifera L.) seedlings. These plants were in their third growing season and were kept in the greenhouse near the pine seedlings. A design similar to the previous one was used, with a 6 x 6 square, one plant of each species in a pair, and a sixth rate of supply of 1.67
1./min. Only one light intensity, 10,000 fc., was used in this series. 
Results
Results are summarized in tables I and II. Values for mean C02 concentration and degree of depletion were calculated from the mean initial and final concentrations within each air supply group.
There is an obvious difference between the values for the two light intensities with pine; however, an analysis of variance (table III) revealed no differential effect of air supply with light intensity, and the two sets of data were combined for all further considerations. Similarly, no differential effect of air supply with the two hardwood species was found, and the data for the two species were combined. The statistical significance of row and column effects indicates that the Latin square design gave a real increase in precisiojn.
Regressions were fitted to the two sets of data using 1/R (where R is the rate of air supply) as the independent variable and rate of C02 absorption as the dependent variable. Both were found to be linear. The analyses of variance are given in table III. The linear curves became hyperbolic, of course, when transformed from the reciprocal scale to the normal scale as shown in figure 5 . The curves of apparent photosynthetic rate plotted over the degree of depletionl (not showii) appeared to be linear with essentially the same dispersion of points shown in figure 6 . Discussion These data are in general agreement with the conclusion of From the relationship between photosynthesis and CO2 concentration shown in figure 6 a similar relationship between photosynthesis and C02 pressure may be deduced, for CO2 pressure is a direct function of C02 concentration at constant total pressure. These data indicate a possible differential response to CO2 pressure of the photosynthetic mechanisms of species normally growing at the same altitude.
In general, the natural distribution of vegetation is determined by the differential responses of species to gradients in one or more environmental factors. It seems reasonable to expect, therefore, that some species characteristic of different altitudes may exhibit differential responses to C02 pressure which are related to distribution, and thus at times the gradient in CO2 pressure might be one of the significant factors of the determinative complex.
Summary
The apparent photosynthetic rate of the entire shoots of tree seedlings was found to vary hyperbolically with the rate of air supply and linearly with mean C02 concentration over the range 0.52 to 0.45 mg./l. The possible importance of C02 pressure as a factor in altitudinal distribution of species is suggested. This work was done at Duke University and was financed through a grant made by the General Education Board to the Duke University School of Forestry for a study of natural reproduction of Piedmont forests. The generous cooperation of DRS. C. F. KORSTIAN 
